The antimicrobial activity of fifteen semisynthetic labdane-type diterpenes derived from the two major natural compounds 3 and 4 of the resin "ladano" of Cistus creticus is reported. The chloroethyl carbamidic esters 15 and 20 showed the strongest antimicrobial activity against Gram (+), Gram ( -) bacteria and pathogenic fungi.
Introduction
Cistus creticus subsp. creticus L (Warburg, 1968) is a native shrub of the M editerranean region. Its leaves are covered with glands secreting a brown ish resin, which consists mainly of diterpenoids. Since antiquity the common greek name is "la dano". The chemical composition of the plant as well as of the resin has been the object of a few publications in our laboratory ( As a part of our program concerning the discov ery of new antimicrobial agents of natural origin, the antimicrobial activity of ten natural and fifteen semisynthetic compounds derived from the resin "ladano" of Cistus creticus is reported here. As starting material, for the synthetic compounds, 13(£')-labda-7,13-diene-15-ol (1), and 13(£)-labd-13-ene-8a,15-diol (2) have been used. These com pounds were found as natural products in the leaves of Cistus creticus (Demetzos et a l, 1990) but also were obtained in quantitative yield by al kaline hydrolysis of the corresponding malonic es ters 3 and 4 respectively. It is noteworthy that 3 and 4 are the major compounds of the resin "la dano" and constitute the 29% of the crude extract (Kalpoutzakis et al., 1998) .
Results and Discussion
A total of ten 13(£')-labda-7,13-diene-15-ol, and of eleven 13(£')-labd-13-ene-8a,15-diol, deriv atives were isolated or prepared; the starting alco hol 1, 2, eight carboxylic esters, 3, 4, 5, 6, 7, 8, 9, 10, eleven carbamidic esters, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 and 21. Compounds 1, 2, 3, 4, 5 and 8 are natural diterpenes isolated from the resin "Ladano" and from the aerial parts of Cistus creti cus subsp. creticus. All the others, are new semi synthetic compounds derived from 1 and 2. All these com ponents were identified by means of spectral data (CIMS, EIMS, ID and 2D NMR). On the basis of these spectral data some previous and 13C assignments for the natural compounds 1 ( The antimicrobial activity of the tested com pounds 1 -2 1 (Table I) Klebsiella pneum oniae, Pseudomonas aeruginosa and three pathogenic fungi: Candida albicans, Candida tropicalis and Torulopsis glabrata. As far as structure-activity relationships are concerned, it is interesting to point out that i) while 13(£)-labda-7,13-diene-15-ol (1) was completely inactive, all the natural and semisynthetic derivatives (with one exception, the benzoic ester 6 ) presented a wide spectrum of activities, against both Gram (+) and Gram ( -) bacteria ii) the 13(ZT)-labd-13-ene8a,15-diol (2) showed interesting activity against S. aureus, K. pneumoniae and P. aeruginosa and from its semisynthetic derivatives the p-nitrobenzoic ester 10, and the carbam ate esters 19 and 20 exhibited a good spectrum of activity. It is also noteworthy that while the ^(Z rH abd-U -ene-S -aol-15-yl phenylcarbamate (16) is completely de void of antibacterial activity, the corresponding diphenylcarbamate 21 exhibited a very interesting spectrum of activity iii) from all the semisynthetic compounds only the two chloroethyl carbam ate derivatives 15 and 20 exhibited a good antim icro bial activity against the three pathogenic fungi iv) from the natural compounds 13(£)-labd-13-ene8a,15-diol (2) showed a specific activity against the two tested Candida species v) the less active class of derivatives was the benzoic esters, 6 and 9. The evaluation of the chloroethyl carbamate deriva tives against clinical-isolated resistant bacterial strains and the synthesis of new analogs are cur rently in progress in our laboratory
Experimental

General experimental procedures
Optical rotations were measured with a PerkinElm er 341 polarimeter. NMR spectra were re corded on a Bruker AC200 spectrometer and a B ruker DRX400. Chemical shifts are given in 6 values with TMS as internal standard. The 2D ex perim ents (COSY, HM QC and HMBC) were per formed using standard Bruker microprograms. Mass spectra were recorded with a Nermag R 10-10C spectrom eter using EIMS and CIMS (reagent gas, N H 3) technique. Column chromatography was conducted using silica gel [Merck, 0.04-0.06 mm]. a The results were reported as the diameter of the zone of inhibition around each disk (in mm) and the evaluation of inhibition corresponds at < 7 mm (-), 7 -1 0 mm (+), 11-16 mm (++), > 16 mm (+++).
Analytical thin layer chromatography (TLC) was carried out on precoated (0.25 mm) Merck silica gel F-254 plates.
Plant material
The aerial parts as well as the resin "Ladano", of Cistus creticus subsp. creticus, were collected in July 1996 on the island of Crete (Greece). A voucher specimen has been deposited in the her barium of the Laboratory of Pharmacognosy, U ni versity of Athens (KL057R ).
Extraction and isolation
The compounds 13(£)-labda-7,13-diene-15-yl malonic acid (3) (15%) and 13(ZT)-labd-13-ene,8a-ol-15-yl malonic acid (4) (12%) were isolated from the resin "Ladano" (Kalpoutzakis et al., 1998) . The compounds 13(£')-labda-7,13-diene-15-ol (1), 13(£)-labd-13-ene-8a,15-diol (2), 13(£)-labda-7,13-diene-15-yl acetate (5) and 13(Zs)-labd-13-ene-8a-ol-15-yl acetate (8 ) were isolated from the aerial parts of Cistus creticus (Demetzos et al., 1990; Chinou et a l, 1994) . Compounds 1 and 2 were also obtained in quantitative yield by alka line hydrolysis of 3 and 4 respectively (Kalpout zakis et a l, 1998).
Antim icrobial activity
The antimicrobial activity of the tested com pounds was determ ined by the standardized disk diffusion m ethod of Bauer et al. (1966) 
